Introduction: Chloroquine phosphate (CQP) and hydroxychloroquine sulfate (HCS) are antimalarial drugs commonly used for treatment of malaria and numerous rheumatic diseases. Their widespread prescriptions may accompany with prolonged duration of therapy and higher daily dosages, leading to several toxic effects, including disturbance of reproductive system. Aim of the study: The present study was designed to compare the effect of six-week exposure to CQP and HCS on reproductive function of adult male albino rats. Materials and Methods: The study was conducted on 30 normal adult male albino rats divided equally into 3 groups (10 rats each), the Control-group (C-group) was given 1 ml of distilled water orally, whereas the CQPgroup (62 mg/kg/b. wt. ) and HCS-group (124 mg/kg/b. wt. ) were given single daily oral doses equivalent to 1/10 th of LD 50 of each drug for 6 consecutive weeks then all animals sacrificed. The serum levels of testosterone, luteinizing hormone (LH), and follicle stimulating hormone (FSH), quality of epididymal sperm (count, motility, viability, and morphology), degeneration severity of seminiferous tubules (SNT) and Leydig cells count per each animal, semi-quantitative scoring of SNT and Leydig cells histopathological changes, spermatogenesis maturity levels, and structural and ultrastructural morphologies of tissues were estimated. Results: The CQP-group showed severe orchidotoxic effects as manifested by statistically significant reductions in final weight gains of body, testes, and epididymis, all sperm quality, and all hormone levels, marked increases in the number of animals associated with SNT degeneration and reduced Leydig cells count, statistically significant increases in abnormalities of SNT and Leydig cells architectures, statistically significant decrease of spermatogenesis maturity levels, and extensive structural and ultrastructural changes in testicular parenchyma and interstitial tissues as compared to C-group and HCS-group. While, HCS-group displayed minor orchidotoxic effects as evidenced by insignificant changes in most of the evaluated parameters, significant reductions of LH and FSH levels, slight increases in the number of animals accompanied with SNT degeneration and reduced Leydig cells count, and minor changes of structural and ultrastructural testicular tissue architectures as compared to C-group. Conclusion, these results suggest that CQP has more orchidotoxic effects than HCS, and in terms of therapeutic usage, physicians should better prescribe HCS as it appears safer than CQP. Also, assessment of male reproductive functions should be done periodically for patients receiving both drugs for prolonged time, especially CQP, as they may induce endocrine disruptions.
INTRODUCTION
Chloroquinephosphate (CQP) and its synthetic analogue, hydroxychloroquine sulfate (HCS), are 4-aminoquinoline derivative compounds commonly used in the treatment of several diseases (Taherian et al., 2013). The CQP was first synthesized in 1934 by Hans Andersag and co-workers at Bayer Company in Germany under the name Resochin, while HCS was synthesized in 1946 by Alexander Surrey and Henry Hammer through addition of the hydroxy group to the parent compound chloroquine (McChesney, 1983).
Both drugs share a common similarity in their therapeutic aspects (Pasadhika and Fishman, 2010) . In addition to their initial use as antimalarial compounds, both medications possess immunosuppressive actions and have been employed in the treatment of various rheumatological diseases such as rheumatoid arthritis and systemic lupus erythematosus, and other dermatologic conditions and connective tissue disorders for many decades (Taherian et al., 2013). However, in most parts of the world, HCS has broadly replaced CQP because of its better tolerability at high dosages (Pasadhika and Fishman, 2010).
The pharmacokinetics and pharmacodynamics properties of these two drugs are very similar (Pile et al., 2016).
The mechanisms of action of 4-aminoquinoline derivative antimalarial drugs are still not fully understood. However, these compounds may interfere with ferriprotoporphyrin IX (FP) detoxification by making unsaturated lipids unavailable for the promotion of FP dimerization (FP is an intermediary product produced when the malarial parasites digest or consume hemoglobin as a source of amino acids for its own protein synthesis), remove FP from oxidized hemoglobin, bind to FP producing toxic complexes, impair endosomal maturation, and cause an excess of denaturated globin. The previous mechanisms may resulting in loss of potassium ions, an increase in the membrane permeability, and swelling leading to osmotic lysis of malariaparasitized erythrocytes and the protozoans themselves (Mackenzie, 1983; Fitch and Russell, 2006) .
The modes of action of antimalarial preparations as disease modifying antirheumatic drugs are complex and have not been fully elucidated, but multiple pathways have been proposed including anti-inflammatory, anti-proliferative, immunomodulatory, and photoprotective effects (Rodriguez-Caruncho and BielsaMarsol, 2014). These drugs have the ability to accumulate in lysosomes and autophagosomes of phagocytic cells and protect against cytokine-mediated cartilage resorption as well as modulating the actions of pro-inflammatory cytokines production (e. g. interleukin-1, tumour necrosis factor-α); major histocompatibility complex (MHC Class II) expression and antigen presentation; control of toll-like receptor-9 activation; and leucocyte generation of reactive oxygen species (i. e. antioxidant activity) (Rainsford et al., 2015).
Although both drugs are generally well tolerated, their widespread and extensive prescriptions for treatment of patients with non-malarial diseases may result in prolonged duration of therapy and higher daily dosages leading to cumulative doses greater than those utilized in antimalarial therapy with subsequent occasional development of significant number of toxic effects (Pile et al., 2016).
Several authors have reported that both drugs share a similarity in their toxicological aspects (Pasadhika and Fishman, 2010) and the most commonly recorded adverse effects include neurotoxicity, cardiotoxicity, oculotoxicity, gastrointestinal and hepatorenal disorders, allergic reactions, and skin stated that although these two drugs are structurally related, they have shown different therapeutic and toxic doses with HCS being less toxic than CQP. Infertility is a growing global public health problem and a vast number of xenobiotic compounds can disrupt the functional diversity of the male reproductive system and interfere with the complexity of its hormonal regulation resulting in impairment of male fertility available for female fertilization (Creasy, 2001).
The gonadotoxic effects of different anti-inflammatory and immunosuppressive drugs, including CQP and HCS, have seldom been studied. However, there are increasing reports from experimental and preclinical animal studies that these drugs may impair male and female fertility (Østensen et al., 2006) .
Several studies have shown that administration of synthetic (Quinacrine), semisynthetic (Artesunate), and plantderived (Quinine) antimalarial compounds can produce alterations in cellular function of the testes, hormonal balance, and the process of spermatozoa development, thus may potentially causing male infertility 
AIM OF THE WORK
In view of the aforementioned findings, the present experimental study was designed to compare the gonado-toxic effects of exposure to CQP and HCS for 6 weeks on adult male albino rats' reproductive function and morphology. 
MATERIALS & METHODS

Drugs
Animals
This study was carried out at the animal facility of Benha Faculty of Medicine after experimental protocol approval by the Ethics committee of Scientific Research, Faculty of medicine, Benha University, Egypt. The study comprised 30 adult male albino rats (Sprague Dawley strain, weighing 160-180-gm at the start of the experiment, 7-8 weeks old; obtained from Helwan farm belonging to the Holding Company for Biological Products and Vaccines, VACSERA, Egypt). The animals were housed in cages (five rats per cage) and maintained under good hygienic and standard laboratory conditions of husbandry (12-hr light/dark cycles at 25 ± 2°C room temperature and 50-55% relative humidity) with food and water ad libitum. The animals were subjected to a one week acclimatization period before the onset of the study in order to adapt themselves to their new environment, to ascertain their physical wellbeing, and to exclude diseased rats. All animal treatments adhered strictly to institutional and international ethical guidelines of the care and use of laboratory animals. 
Experimental design
The animals were randomly divided into three equal groups (10 rats per each group) and each fasted rat was subjected to treatment regimen orally via gastric gavage for 6 consecutive weeks as follows: 1-Control-group (C-group): The rats were given 1 ml of distilled water. 2-Chloroquine phosphate-group (CQPgroup): The rats were treated with 62 mg/kg/b. wt. solution of CQP (equivalent to 1/10 th of its oral LD 50 in rats) (Walum, 1998). 3-Hydroxychloroquine sulphate-group (HCS-group): The rats were administered 124 mg/kg/b. wt. solution of HCS (equivalent to 1/10 th of its oral LD 50 in rats) (MSDS, 2011).
Before each administration, a fresh solution was prepared in distilled water to obtain the necessary drug concentration in 1 ml. All rats were weighed before administration of their corresponding treatment regimen and the doses were calculated according to their daily weights.
Collection of samples
Twenty four hours after the end of the experimental period, the animals were weighed and anesthetized by diethyl ether inhalation and then subjected to thoracolaparotomy incision to obtain blood samples from the heart directly by needle aspiration and remove testes before they were sacrificed by decapitation.
Hormonal analysis: Blood samples were collected in clean tubes lacking anticoagulant and left at 37˚c incubator for 15 min to coagulate. Coagulated blood samples were centrifuged for 15 min at 3000 revolutions per minute. The clear non-haemolysed supernatant sera were quickly removed, collected in tubes, and immediately stored at -20°C till been assayed for total testosterone, luteinizing hormone (LH), and follicle stimulating hormone (FSH) levels by using Enzyme Linked Immuno-sorbent assay (ELISA) kits (Cayman Chemical Company, Ann Arbor, MI, USA). Hormones were assayed according to the methods described by the manufacturer's instructions enclosed with each kit. Serum concentrations of hormones were estimated colorimetrically at an absorbance spectrum wavelength of 450-nm using a spectrophotometric BioTek ELX-808 Ultramicroplate reader (BioTek Instruments Inc., Winooski, VT, USA).
Seminal quality analysis: The epididymis of each rat were dissected out and weighed then processed for evaluation of spermatozoa count or concentration, sperm motility, and sperm viability and morphology as previously described by Bearden and Fuquay (2000). Briefly, the epididymal sperm content of each rat was obtained after cutting the caudal part of the epididymis using surgical blades and squeezing it gently in a sterile clean glass tube, then it was diluted ten times with 2. 9% sodium citrate dihydrate aqueous solution and mixed thoroughly for light microscopic estimation of sperm characteristics at 400x magnification with reduced light as follows:
(A) Sperm count was carried out by loading 10 μl of the aliquot on the side of the improved Neubauer's Haemocytometer counting chamber thereafter, the central grid was located and sperm cells were counted in five squares within the central grid.
(B) Sperm motility was determined by adding two drops of the suspension on worm slide and covering it with a coverslip then the incidence of progressively motile sperms was recorded.
(C) Sperm viability and morphologic abnormalities were detected by preparing thin semen smears stained with eosinnigrosin stain. Spermatozoal cells that appeared white in color and red or dark pink in color were recorded as live and dead sperms, respectively. One hundred Histological examination of testicular lesions per each rat was performed using semi-quantitative scoring system as previously mentioned by Lanning et al. (2002) . The severity of lesions was graded on a scale of 0-5 based on the percentage of tubules affected as follows: 0 (normal for <2%), 1 (minimal for <2%-<5%), 2 (slight for 5%-25%), 3 (moderate for 25%-50%), 4 (marked for 50%-75%), and 5 (severe for >75%. In addition, for each animal, the percentages of normal and altered morphology of seminiferous tubules were determined and counted according to D'Cruz and Uckun (2000) .
The number and percentage of Leydig cells/animal as well as normal and altered histology of Leydig cells in 100 triangular interstitial spaces per each rat were scored and graded as follows: 0 (total lack), 1 (1-5 cells), 2 (6-10 cells), 3 (11-30 cells) Statistical analysis: The collected data were tabulated and analyzed using Statistical Package for the Social Sciences version 16 software (SPSS, Chicago, IL). Quantitative data were expressed as mean and standard deviation (mean ± SD). Chi square test (X 2 ) and one-way analysis of variance (ANOVA) were used as tests of significance. Significant ANOVA was followed by post-hoc Tukey HSD (Honest Significant Difference) test for multiple comparisons to detect significant pairs and values of P < 0. 05 were considered statistically significantly different.
RESULTS
No animal mortality was noticed in any of the three experimental groups throughout the study.
As shown in Table ( 1), the mean values of initial body weights of CQPgroup and HCS-group showed slight statistically insignificant decreases when compared with C-group value as well as each other.
On the other hand, there were statistically significant and insignificant reductions in the mean final body weight values of CQP-group and HCS-group, respectively, when compared with Cgroup value and this difference was significantly lower in CQP-group than HCS-group.
In CQP-group, the mean values of absolute and relative weights of testes were statistically significantly decreased as compared with the corresponding values of C-group and HCS-group. Similarly, the mean values of absolute and relative weights of epididymis in CQPgroup revealed statistically significant declines as compared with the corresponding values of C-group and HCS-group. However, in HCS-group, there were slight statistically insignificant decreases in absolute and relative weights of both testes and epididymis as compared with the corresponding values of C-group.
The mean values of sperm count, motility, live-dead sperm ratio, and normal sperm morphology in CQP-group were statistically significantly lower than the corresponding values of C-group and HCS-group, whereas the mean value of abnormal sperm morphology in CQPgroup depicted a statistically significant increase as compared to C-group and HCS-group. Although the mean values of the previous parameters were also decreased in HCS-group, except for the incidence of abnormal sperm morphology which increased, as compared with the corresponding values of C-group, the statistical differences were insignificant.
As appears in Table ( 2), CQP-group showed statistically significant depletions in serum levels of testosterone, LH, and FSH when compared with the corresponding values of C-group and HCS-group. On the other side, HCS-group showed statistically insignificant decrease in serum testosterone level as well as statistically significant reductions in serum levels of LH and FSH when compared with C-group values.
As exhibit in Table ( 3),the incidence and severity of the degenerative changes in the SNT per animals were markedly increased in CQP-group (the severity of the lesions ranged from slight to severe) and slightly increased in HCS-group (the severity of the lesions ranged from minimal to slight) than C-group (the severity of the lesions was minimal), however, the prevalence of testicular lesions was substantially higher in CQPgroup than HCS-group and these differences were statistically significant among the three studied groups. Likewise, the number and percentage of animals associated with reduced Leydig cells were considerably greater in CQP-group and little higher in HCS-group than C-group, nonetheless, these changes were more predominant in CQP-group than HCSgroup and the differences between the three experimental groups were statistically significant.
As manifest in Table ( 4), the mean values of normal SNT score were statistically significantly and insignificantly decreased in CQP-group and HCS-group, respectively, as compared to C-group. Also, CQP-group depicted a statistically significant depression in the mean value of normal SNT score as compared to HCS-group. On the contrary, the mean values of abnormal SNT score were statistically significantly and insignificantly increased in CQP-group and HCS-group, respectively, as compared to C-group. Also, CQP-group depicted a statistically significant rise in the mean value of abnormal SNT score as compared to HCS-group.
The mean values of normal Leydig cells score elucidated statistically significant and insignificant decreases in CQP-group and HCS-group, respectively, as compared to C-group. Furthermore, the mean value of CQP-group showed a statistically significant decline as compared to HCS-group.
Contrariwise, the mean values of abnormal Leydig cells score displayed statistically significant and insignificant increments in CQP-group and HCS-group, respectively, as compared to C-group. Moreover, the mean value of CQP-group demonstrated a statistically significant elevation as compared to HCS-group.
The mean values of spermatogenesis maturity score were statistically significantly and insignificantly reduced in CQP-group and HCS-group, respectively, as compared to C-group. Likewise, the mean value of CQP-group manifested a statistically significant diminish as compared to HCS-group.
Light Microscopic Examination and Histopathological Results.
Light microscopic examination of testicular tissue sections stained with H&E from the C-group revealed normal appearance and arrangement of the structural components of the seminiferous tubules (SNT) and interstitial tissues in the intertubular spaces without any obvious histopathological lesions. The SNT are lined with stratified epithelium and consists of two types of cells, namely Sertoli and spermatogenic cells. Each SNT consists of regular well-delineated basement membrane (BM), well-preserved Sertoli cells (appears as triangular or oval cells resting on the BM), and several layers of spermatogenic cells namely spermatogonia, spermatocytes, spermatids, and mature spermatozoa. The interstitial spaces showed clusters of intact Leydig cells, which appeared polygonal in shape with rounded nuclei, as well as normal blood vessels that appeared patent without blood cells in the lumen (Figs. 1-2) .
In CQP-group, light microscopic examination of the H&E stained testicular sections revealed remarkable histopathological alterations such as atrophy, degeneration, and necrosis in considerable number of SNT as compared to C-group. The affected SNT exhibited irregular shape, disintegration of BM, On the other hand, light microscopic examination of testicular sections stained magenta with PAS from the C-group revealed normal distribution of PAS positive reaction where moderate staining affinity was noticed in the basement membranes of the SNT, heads of mature sperms, Leydig cells, and blood vessel walls (Fig. 10) .
Testicular tissue examination of the CQP-group exhibited reduced staining affinity of PAS positive materials inside the SNT with disruption of SNT shape and separation and edema of the BM as well as edema of the interstitial space and dilated thick walled blood vessels as compared to C-group (Fig. 11) . However, moderate staining affinity of PAS positive materials were recognized in HCS-group as compared to C-group (Fig. 12) . Accordingly, administration of CQP was associated with marked diminution of testicular tissue polysaccharides contents as compared to HCS treatment.
Light microscopic examination of testicular sections stained with Masson's Trichrome from the C-group showed normal distribution pattern of the scanty collagen fibers tissue supporting the BM of the SNT, cellular membranes of the spermatogenic layers, and the interstitial tissues (Fig. 13) . The testicular sections of CQP-group showed an increase in collagen fibers tissue formation of the BM, interstitial tissues, and around the blood vessels with signs of fibrosis in the SNT as compared to C-group (Figs. 14-15). However, in HCS-group, normal appearance of collagen fibers tissue distribution was noted in the SNT and their basement membranes and in the interstitial tissues without signs of fibrosis as compared to C-group (Fig. 16 ). According to that, CQP significantly increased the amount of collagen fibers formation and caused severe fibrotic lesions in the testes as compared to HCS.
Electron Microscopic Examination and Ultrastructural Results.
Examination of ultrathin testicular sections of the C-group showed normal morphological appearance of BM, spermatogonia, Sertoli cells, spermatocytes, spermatids, mature sperms, and Leydig cells .
The BM or basal lamina that surrounded the seminiferous epithelium appeared regular and of uniform pattern with a single thin layer of flattened peritubular myoid cells.
The round spermatogonia, which rested against the BM of the SNT, evidenced rounded pale stained euochromatic nucleus and prominent nucleolus with peripheral heterochromatin clumps as well as many mitochondria and free ribosomes scattered within the cytoplasm.
Sertoli cells showed euchromatic infolded nuclei, prominent nucleoli, and a rim of peripheral dense chromatin. The cytoplasm of these cells extended from the basal lamina to the lumen of the SNT and The spermatids appeared with large spherical euchromatic nuclei with chromatin clumps and many peripherally arranged mitochondria with clear matrix, well-developed Golgi apparatus, membrane bounded endoplasmic reticulum, and flattened acrosomal vesicles embedded in a lightly stained cytoplasm. The acrosomal granules appeared as an ovoid deep condensation enclosed in the acrosomal vesicle covering one third of the spermatid nucleus to form the acrosomes that subsequently spread over the anterior hemisphere of the spermatid nucleus to form the acrosomal cap (head cap). The head of sperm showed a pyramidal dark nucleus covered by acrosomal cap and transverse section in the middle piece showed centrally located microtubules which form the axoneme of the flagellum.
The interstitial Leydig cells evidenced regular outlines, large eccentric euchromatic indented nuclei, prominent nucleoli, and a rim of peripheral dense chromatin and cytoplasm filled with numerous mitochondria, smooth endoplasmic reticulum, Golgi complex, and moderate amount of lipid droplets.
Examination of ultrathin testicular sections of the CQP-group showed different degenerative changes in the Sertoli cells and germ cells gonadal parenchyma as well as in the interstitial Leydig cells (Figs. 21-26) .
The degenerated peritubular BM of SNT appeared irregular or wavy, interrupted, thickened with scattered collagen fibers around it, and separated from germ cells. Alteration of Sertoli cells morphology such as fragmentation, necrosis, electrolucent areas or vacuolization within the cytoplasm, disturbed mitochondria, loss of contact between cells, detachment and wide intercellular spaces as well as focal disruption of the junctional complexes were detected. The damaged primary spermatocytes exhibited flattened or pyknotic nuclei with chromatin clumps and vacuolization of the cytoplasm. The devastated spermatids were complete or partial in many SNT and were accompanied with lack of mature sperm formation. Corrupted spermatids depicted poorly condensed nuclei, vacuoles within the acrosome material with very thin head cap covering the whole acrosome, degenerated mitochondria, cytoplasmic vacuolation, and marked sperms deformity. The degeneration Leydig cells appeared polymorphic in shape with irregular nuclei, greater amount of peripheral heterochromatin, dilated and vacuolated mitochondria, and increased lysosomal contents.
Examination of ultrathin testicular sections of the HCS-group showed nearly normal morphological appearance of BM, spermatogonia, Sertoli cells, spermatocytes, spermatids, mature sperms, and Leydig cells as compared to C-group (Figs. 27-29) .
Consequently, ultrastructural adverse effects induced by CQP on testicular parenchyma were more extensive than those seen in HCS-group. 
DISCUSSION
Chloroquine phosphate (CQP) and hydroxychloroquine sulfate (HCS) are commonly and extensively prescribed by physicians for the treatment of malaria and autoimmune diseases such as rheumatoid arthritis and systemic lupus erythematosus (Taherian et al., 2013). Despite this, their effects on male reproductive functions are not well known (Østensen et al., 2006) . Hence, the present study was carried out to investigate the toxic effects of these two drugs on the reproductive functions of adult male albino rats.
The present results of CQP-group showed significant reductions in the final weight gains of body, testes, and epididymis, which are in agreement with the results of other researchers who hypothesize that long-term and/or shortterm administrations of CQP to experimental animals are associated with significant decreases in the weights of On the contrary, other researches show different results such as significant increase or insignificant changes in body weights as well as no changes in testicular weights after chronic administration of CQP to experimental animals (Nduka and Dada, 1987; Adjene and Adenowo, 2005).
These losses in weight gains may be due to protein deficiency secondary to suppression of appetite and low caloric intake (Mbajiorgu et al., 2008) . The changes in weights of male sexual organs after administering CQP may be mediated via its direct toxic effects ( Contrary to this, many authors report that CQP markedly stimulates the motility of porcine and bovine spermatozoa in vitro and improves the fertilizing capacity of caudal spermatozoa. The authors speculate that this enhancement of sperm activity by CQP may be mediated via stimulation of the adenylcyclase system with subsequent increase in spermatozoal adenosine monophosphate activity and increase of the rate of loss of acetylcholinesterase activity during sperm transit within the cauda epididymis (Norman and Gombe, 1975; Egbunike, 1982) .
The present findings of HCS-induced insignificant abnormalities in epididymal sperm quality are also in line with many authors who mention that administration of HCS does not cause impairment in In the existing work, structural and ultrastructural examinations of testicular tissue sections of HCS-group showed nearly normal morphological appearance of the architectures with only minor morphological changes in some SNT. Analogous to this, there is no histopathological evidence of alternations in the testes, prostate, or epididymis after oral administration of mefloquine for 3-month to dogs and monkeys (an antimalarial drug closely related to HCS) (Korte et al., 1979) .
The pathogenic mechanism (s) of CQP-induced testicular toxicity and impairment of male reproductive functions may be explained by multi-factorial processes. Administration of CQP may disrupt the structural integrity of the testes and other organs via acting directly or indirectly on antioxidant status, leading to disturbance of oxidants/antioxidants balance with subsequent generation of multiple free radicals and development of oxidative stress as evidenced by significant decline in superoxide dismutase (a detoxifying enzyme catalyzes the dismutation of superoxide radical to hydrogen peroxide and oxygen) and remarkable depletion of hydrogen peroxide-decomposing enzymes such as catalase and glutathione peroxidase as well as increase in thiobarbituric acidreactive substances (byproduct of lipid peroxidation) due to accumulation of superoxide radical. Additionally, CQP may disrupt the functions of some testicular regulatory enzymes such as elevation of the acid phosphatase activity as well as depression of alkaline phosphatase, succinate dehydrogenase, and adenosine triphosphatase activities The minor toxic effects of HCS on male gonadal system may be explained by the fact that it is 2-3 times less toxic than CQP in animal studies (McChesney, 1983) and it does not inhibit cyclooxygenases or decrease prostaglandin production (Ben-Chetrit et  al., 2005) .
Finally, the present work may disagree with other several studies. This variability might be explained on the basis of difference in dosage regimen (therapeutic or toxic; single or repeated), route of administration (oral or injection), Egypt J. Forensic Sci. Appli. Toxicol Vol 17 (1) June 2017 duration of drug administration (short-or long-term), animal models (normal or genetically modified), animal type (rat, mice, monkey, or rabbits), animal age (young, adult, or old), animal strain, species (human or animal), gender (male or female), screening tissues (in vivo or in vitro), drug potency (low or high), and drug structural formula.
CONCLUSION
Six-week administration of CQP revealed occurrence of severe detrimental effects on the reproductive system of adult rats. Therefore, much more attention should be paid to CQP drug as a possible cause of male contraceptive and infertility especially when prescribed for long period of time or used in high daily doses to treat various diseases in children and adult male individuals. On the contrary, HCS is much less toxic than CQP to a great extent with a very low risk of orchidotoxic effects that may replace therapy with CQP. Also, assessment of male reproductive functions should be done periodically for patients receiving both drugs, especially CQP, for prolonged time as they commonly encountered with endocrine disruption.
